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1
MOTOR CONTROL DEVICE AND MOTOR
CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Application
No. 2012-196322, filed Sep. 6, 2012, the entirety of which is
incorporated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates to a motor control device and
a motor control method which can optimize efficiency
according to a rotation speed of an electric motor.

2. Description of Related Arts

In the past, a brushless motor that allows speed controlin a
wide range has been used as a fan motor. As described in JP
2002-191186 A described below, the brushless motor
includes a plurality of Hall elements, and detects a rotation
position of a rotor, using a signal output from the Hall ele-
ments.

The energization pattern of the stator coils in the brushless
motor is determined according to a rotation position of the
rotor. The energization pattern is a pattern indicating the
stator coil connected to the power supply according to the
rotation position of the rotor as well as a direction of the
current that flows through the stator coil connected to the
power supply. The stator coils are energized according to a
predetermined energization pattern depending on the rotation
position of the rotor.

However, the energization pattern of the stator coils
changes simultaneously with the change of a signal output
from one of the plurality of Hall elements. Usually, timing of
change of the signals output from the Hall elements becomes
quick as the rotation speed of the rotor decreases.

In the past brushless motor, therefore, as the rotation speed
decreases, the timing of the position detection of the rotor by
the Hall elements becomes quicker, and the energization pat-
tern switches more rapidly as compared with the optimum
timing. Ina low rotation speed range, therefore, it becomes
difficult for the rotor to use effectively a magnetic force
generated by the stator coils so that efficiency lowers, and
power consumption with respect to the output increases.

For compensating for deviation of detection timing of the
rotor position that occurs in a low rotation speed range, it is
envisaged to shift the arrangement of the Hall elements in the
rotation direction of the rotor by an amount corresponding to
the timing deviation. In this manner, however, the efficiency
of the fan motor operating at a variable speed cannot be
always optimized according to the rotation speed.

SUMMARY

The invention has been made for overcoming the above
disadvantages of the past, and a purpose of the invention is to
provide a motor control device and a motor control method
that can optimize efficiency according to a rotation speed of
the motor.

For achieving the above purpose, the motor control device
according to the invention includes an energization pattern
output portion and an inverter circuit.

The energization pattern output portion cyclically outputs
a plurality of energization patterns. The inverter circuit selec-
tively connects respective coils provided in the motor to a
power supply according to the output energization pattern.
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The energization pattern output portion delays the output
timing of the energization pattern according to a rotation
speed of the motor.

The motor control device according to the invention delays
switching of a present energization pattern to a next energi-
zation pattern as the rotation speed of the motor decreases,
and thereby rotates the motor with optimum efficiency
according to the rotation speed.

For achieving the above purpose, a motor control method
according to the invention includes a first stage that selects an
energization pattern according to a rotation position of a rotor
of'a motor, a second stage that calculates a rotation speed of
the rotor, a third stage that calculates a delay time from the
rotation speed of the rotor and a fourth stage that outputs the
selected energization pattern with a delay of the calculated
delay time, and continuously rotates the motor while repeat-
ing the first to fourth stages.

Similarly to the motor control device described above, the
motor control method according to the invention delays
switching from a present energization pattern to a next ener-
gization pattern as a rotation speed of a motor decreases, and
rotates the motor with optimum efficiency according to the
rotation speed.

The invention configured as described above delays the
output timing of the energization pattern according to the
rotation speed of the motor, and therefore can optimize the
efficiency according to the rotation speed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a structure of a motor control device
according to an embodiment;

FIG. 2 is a block diagram illustrating a structure of an
energization pattern output portion illustrated in FIG. 1;

FIG. 3 illustrates signals output from sensor portions illus-
trated in FIG. 1;

FIG. 4 illustrates a relationship between energization pat-
terns and the signals output from the sensor portions;

FIG. 5 illustrates a relationship between the energization
patterns and energization directions of the stator coils;

FIG. 6 illustrates output timing of the energization pat-
terns;

FIG. 7 is an operation flowchart of a motor control device
according to the embodiment;

FIG. 8 illustrates characteristics of a past motor control
device and a measurement result of characteristics of the
motor control device according to the embodiment;

FIG. 9 is a graph visualizing the measurement result of
FIG. 8; and

FIG. 10 is a current waveform diagram obtained when the
past motor control device and the motor control device
according to the embodiment drive the same motor under the
same conditions.

DETAILED DESCRIPTION

Embodiments of a motor control device and a motor con-
trol method according to the invention will be described
below.

[Structure of Motor Control Device]

FIG. 1 illustrates a structure of a motor control device
according to an embodiment.

A motor control device 100 includes a rectifier circuit 110
provided with a smoothing capacitor C and an inverter circuit
130 connected to a motor M.

The rectifier circuit 110 includes six bridge-connected
diodes D1-D6 as illustrated in the figure, and the six diodes
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D1-D6 perform full-wave rectification on a current flowing
from an AC (3-phase) power supply 120. The smoothing
capacitor C smoothes the current subjected to the full-wave
rectification by the six diodes D1-D6 so that the ripple in the
DC current subjected to the full-wave rectification decreases.
The rectifier circuit 110 is a power supply of the motor M.

The inverter circuit 130 is connected in parallel to the
rectifier circuit 110. The inverter circuit 130 includes three
arm circuits 140A, 140B and 140C switching the DC current
rectified by the rectifier circuit 110.

The arm circuit 140A connects a pair of transistors TR1
and TR4 in series, and connects a stator coil Lu of the motor
M to a connection line 142A between the paired transistors
TR1 and TR4. The arm circuit 140B connects a pair of tran-
sistors TR2 and TRS5 in series, and connects a stator coil Lw
of'the motor M to a connection line 142B between the paired
transistors TR2 and TR5. The arm circuit 140C connects a
pair of transistors TR3 and TR6 in series, and connects a
stator coil Lv of the motor M to a connection line 142C
between the paired transistors TR3 and TR6.

The three arm circuits 140A, 140B and 140C are connected
in parallel to the smoothing capacitor C of the rectifier circuit
110. A diode D is reversely connected between a collector and
an emitter of each of six transistors TR1, TR4, TR2, TR5, TR3
and TR6. Drive circuits 145 are individually connected to the
gates of these six transistors TR1, TR4, TR2, TR5, TR3 and
TR6 for switching these transistors, respectively.

The motor M employed, by way of example, in this
embodiment is a brushless motor. A stator MS of the motor M
includes three star-connected stator coils Lu, Lv and Lw. A
rotor MR of the motor M includes a cylindrical magnet
divided into two and magnetized to include N- and S-poles,
and rotates using a magnetic field formed by the stator coils
Lu, Lv and Lw.

Three sensor portions H1, H2 and H3 are arranged at the
circumference of the rotor MR in the rotation direction of the
rotor MR. The three sensor portions H1, H2 and H3 are
arranged to have a phase difference 0f' 120° therebetween. For
example, as illustrated in FIG. 3, each of the sensor portions
H1, H2 and H3 outputs a signal of Hi when it is opposed to the
N-pole of the rotor MR, and outputs a signal of Lo when it is
opposed to the S-pole thereof. Switching between the Hi
signal and the Lo signal occurs at a boundary between the N-
and S-poles. The sensor portions H1, H2 and H3 function as
the rotation position detection sensor that detects the rotation
position of the rotor MR. In the embodiment, it is assumed
that the sensor portions H1, H2 and H3 are formed of Hall
elements. However, sensors other than the Hall elements may
be employed provided that they can detect the rotation posi-
tion of the rotor MR. The stator coils Lu, Lv and Lw may be
used in place of the sensor portions to provide the rotation
position detection sensor.

The sensor portions H1, H2 and H3 can also detect a
rotation speed of the rotor MR. The sensor portions H1, H2
and H3 output a pulse signal of a pulse width corresponding
to the rotation speed of the rotor MR. The sensor portions H1,
H2 and H3 also function as a rotation speed detection sensor
that detects a rotation speed of the rotor MR.

The motor control device 100 includes an energization
pattern output portion 150 connected to the sensor portions
H1, H2 and H3. The energization pattern output portion 150
cyclically outputs a plurality of energization patterns to each
drive circuit 145. The energization pattern output portion 150
delays the output timing of the energization pattern according
to the rotation speed of the motor M. More specifically, the
energization pattern output portion 150 delays the output
timing of the energization pattern by a longer time as the
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rotation speed of the motor M decreases. The inverter circuit
130 selectively connects the stator coils Lu, L.v and Lw pro-
vided in the motor M to the rectifier circuit 110 according to
the energization pattern.

The energization pattern is a pattern representing the stator
coils Lu, Lv and Lw that are connected to the rectifier circuit
110 according to the rotation position of the rotor MR as well
as the directions of the currents flowing through the stator
coils Lu, Lv and Lw connected to the rectifier circuit 110,
respectively. A specific example of the energization pattern
will be described later in detail.

FIG. 2 is block diagram illustrating a structure of the ener-
gization pattern output portion 150 illustrated in FIG. 1. The
energization pattern output portion 150 includes a rotation
speed calculating portion 152, a delay time calculating por-
tion 154, an energization pattern selecting portion 156 and an
energization pattern output timing adjusting portion 158.

The rotation speed calculating portion 152 calculates the
rotation speed of the rotor MR based on the pulse signal
output from the sensor portions H1, H2 and H3.

The delay time calculating portion 154 calculates the delay
time for delaying the output timing of the energization pattern
according to the rotation speed of the calculated rotation
speed of the rotor MR. The delay time calculating portion 154
includes a table describing the rotation speed of the rotor MR
and the delay time corresponding to the rotation speed. The
delay time is O when the rotor MR rotates at a rated rotation
speed, and increases by t msec every time it decreases from
the rated rotation speed by a predetermined rate. Therefore,
the delay time calculating portion 154 increases stepwise the
delay time as the rotation speed of the rotor MR decreases
from the rated rotation speed.

The delay time calculating portion 154 may not include the
abovetable, and may be configured to calculate the delay time
corresponding to the rotation speed of the rotor MR. In this
case, the delay time calculating portion 154 continuously
increases the delay time as the rotation speed of the rotor MR
decreases from the rated rotation speed.

The energization pattern selecting portion 156 selects the
energization pattern according to the rotation position of the
rotor MR detected by the three sensor portions H1, H2 and H3

Each of the three sensor portions H1, H2 and H3, outputs,
as illustrated in FIG. 3, the Hi or Lo signal depending on the
rotation position of the rotor MR, respectively. The energiza-
tion pattern selecting portion 156 receives the Hi and Lo
signals output from each of the three sensor portions H1, H2
and H3, and recognizes the rotation position’s of the rotor
MR. Since each of the three sensor portions H1, H2 and H3
outputs the Hi and Lo signals phase shifted by 120° in elec-
trical angle from each other, the energization pattern selecting
portion 156 can recognize the rotation position of the rotor
MR at every 60°.

The energization pattern selecting portion 156 selects, for
example, the energization pattern 1 when the sensor portions
H1, H2 and H3 output the Lo, Lo and Hi signals, respectively.
Also, the energization pattern selecting portion 156 selects
the energization pattern 4 when the sensor portions H1, H2
and H3 output the Hi, Hi and Lo signals, respectively.

The combinations of the Hi and Lo signals output from the
three sensor portions H1, H2 and H3 can exhibit six patterns
as illustrated in FIG. 4. The energization patterns 1-6 are set
corresponding to these six patterns, respectively. Therefore,
the energization pattern selecting portion 156 can select the
energization pattern corresponding to the rotation position of
the rotor MR by recognizing the rotation position of the rotor
MR detected by the three sensor portions H1, H2 and H3. The
energization pattern transits in the order of 1,2, 3,4, 5, 6, 1,
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2 .. .. When the energization pattern proceeds from 1-6, the
rotor MR makes one rotation. Consequently, the energization
pattern selecting portion 156 circularly selects the energiza-
tion patterns 1-6 every time the rotor MR makes one rotation.

FIG. 5 illustrates a relationship between the energization
pattern and the energization direction of the stator coil. As
illustrated in the figure, when the energization pattern 1 is
output from the energization pattern output timing adjusting
portion 158, it exhibits the energization directions of U+ and
V-.Therefore, the drive circuit 145 performs the switching of
the transistors TR1 and TRS illustrated in FIG. 1 to flow the
current through a closed circuit extending from the rectifier
circuit 110 through the transistor TR1, the stator coil Lu, the
stator coil Lw and the transistor TR5 to the rectifier circuit
110. When the energization pattern 2 is output from the ener-
gization pattern output timing adjusting portion 158, it exhib-
its the energization directions of U+ and W-. Therefore, the
drive circuit 145 performs the switching of the transistors
TR1 and TR6 to flow the current through a closed circuit
extending from the rectifier circuit 110 through the transistor
TR1, the stator coil Lu, the stator coil Lv and the transistor
TR6 to the rectifier circuit 110. Further, when the energiza-
tion pattern 3 is output from the energization pattern output
timing adjusting portion 158, it exhibits the energization
directions of V+ and W-. Therefore, the drive circuit 145
performs the switching of the transistors TR2 and TR6 to flow
the current through a closed circuit extending from the recti-
fier circuit 110 through the transistor TR2, the stator coil Lw,
the stator coil Lv and the transistor TR6 to the rectifier circuit
110. In connection with the energization patterns 4-6, the
current flows through a closed circuit formed in the substan-
tially same manner as the energization patterns 1-3. The drive
circuit 145 performs the PWM control on the transistors
forming the closed circuit.

The energization pattern output timing adjusting portion
158 delays the energization pattern selected by the energiza-
tion pattern selecting portion 156 by a delay time calculated
by the delay time calculating portion 154, and then outputs it
to the inverter circuit 130. For example, as illustrated in FIG.
7, when the energization pattern is switched from 1-2 and the
rotation speed of the rotor MR is high, the instruction for the
energization pattern 2 is output to the drive circuit 145 with-
out a delay. When the rotation speed of the rotor MR is
medium, the instruction for the energization pattern 2 is out-
put to the drive circuit 145 with a delay of t1 msec. When the
rotation speed of the rotor MR is low, the instruction for the
energization pattern 2 is output to the drive circuit 145 with a
delay by t2 msec. Similar manners are employed when
switching the energization pattern from 2-3 and the like.
[Operation of Motor Control Device]

An operation of the motor control device 100 illustrated in
FIG. 1 will be described below. FIG. 7 is an operation flow-
chart of the motor control device 100. The processing proce-
dure in this operation flowchart represents a procedure of the
motor control method.

First, the energization pattern selecting portion 156 selects
the energization pattern from the signals provided of the three
sensor portions H1, H2 and H3. The combination of the
signals of the three sensor portions H1, H2 and H3 represents
the rotation position of the rotor MR, and consequently the
energization pattern selecting portion 156 selects the energi-
zation pattern according to the rotation position of the rotor
MR (step S100).

Then, the rotation speed calculating portion 152 calculates
the rotation speed of the rotor MR (motor M) based on the
pulse signals output from the three sensor portions H1, H2
and H3 (step S101).
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The delay time calculating portion 154 calculates a delay
time for adjusting the timing of outputting the energization
pattern based on the rotation speed of the rotor MR (motor M)
calculated by the rotation speed calculating portion 152 (step
S102).

The energization pattern output timing adjusting portion
158 outputs the energization pattern selected by the energi-
zation pattern selecting portion 156 by a delay time calculated
by the delay time calculating portion 154. For example, as
illustrated in FIG. 6, when the rotor MR rotates at a medium
speed, it outputs the energization pattern with a delay of t1
msec as compared with the case of the high speed. When the
rotor MR rotates at a low speed, it outputs the energization
pattern with a delay of t2 msec as compared with the case of
the high speed. When the output of the energization pattern
delays, the switching of the energization pattern by the
inverter circuit 130 delays so that itis possible to eliminate the
errors in detection timing of the sensor portions H1, H2 and
H3 (step S103).

The motor control device 100 rotates the motor M by
repeating the processing from the above step S100 to the step
S103.

[Effect by the Motor Control Device]

As described above, even in the case where the conditions
that require the switching of the energization pattern in the
past are satisfied, the motor control device 100 according to
the embodiment intentionally delays the timing of switching
the energization pattern when the rotation speed of the motor
is low. Therefore, it is possible to overcome easily such a
disadvantage that the energization pattern is switched early
when the motor rotation speed is low, as compared with the
case of the high rotation speed.

FIG. 8 illustrates measurement results of the characteris-
tics of the past motor control device and those of the motor
control device according to the embodiment. FIG. 9 is a graph
visualizing the measurement results in FIG. 8.

The measurements of the characteristics of the motor con-
trol device are performed on fan motors of a type in which the
two fan motors are connected in series and are operated at
different rotation speeds for blowing, respectively. In these
figures containing expressions “Front Stage” and “Rear
Stage”, the fan motor on the front stage is positioned on an
upstream side in the blowing direction of the fan motor, and
the fan motor on the rear stage is positioned on a downstream
side in the blowing direction.

As can be seen from these figures, the electric power reduc-
tion ratios of the motors on the front and rear stages increase
in accordance with the change from the state in which a duty
ratio is large and thus the motor rotates at high speed to the
state in which the duty ratio is small and thus the motor rotates
at low speed. Therefore, when the rotation speed is uniform,
the motor control device according to the embodiment can
reduce the current flowing through the stator coils as com-
pared with the past motor control device. Accordingly, the
power consumption with respect to the output of the motor
can be small. Particularly, as illustrated in FIG. 9, it can be
understood that the shifting of the output timing of the ener-
gization pattern significantly raises the efficiency in the
middle-speed range.

FIG. 10 is a current waveform diagram illustrating the
cases where the past motor control device and the motor
control device according to the embodiment drive the same
motor, respectively.

From comparison in this current waveform diagram, it can
be seen that, in spite of the fact that the same load is driven at
the same speed, the peak of the current lowers by 43% (from
233 mA of the past device to 152 mA of the invention), and it
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can be understood that the efficiency of the motor of the
invention is significantly improved as compared with that of
the past motor.

According to the motor control device and the motor con-
trol method of the invention, as described above, since the
output timing of the energization pattern is electrically
delayed according to the rotation speed of the motor, the
efficiency can be optimized according to the rotation speed of
the motor.

Although the embodiment including the three-phase motor
is described by way of example, the concept of the invention
can be applied to various kinds of motors of different phases
such as single-phase, 2-phase and 5-phase motors. Although
the embodiment is described in connection with an example
of'the rotor having two poles, the concept of the invention can
likewise be applied to motors having three or more poles.
Further, it can be applied to motors of various numbers of
slots.

FIG.1

Ac power supply

Energization pattern output portion

FIG. 2

152: Rotation speed calculating portion

154: Delay time calculating portion

156: Energization pattern selecting portion

158: Energization pattern output timing adjusting portion

H1, H2, H3: Sensor portion

FIG. 3

Electric angle

FIG. 4

Energization pattern

Sensor portion

FIG. 5

Energization pattern

Energization direction

Electric angle

FIG. 6

Energization pattern

High speed

Medium speed

Low speed

FIG.7

Start

S100: Select energization pattern from signals of sensor por-
tions

S101: Calculate motor rotation speed from signals of sensor
portions

S102: Calculate delay time from motor rotation speed

S103: Output energization pattern with delay of delay time

End

FIG. 8

Duty characteristics (numerical value) data

Invention

Front stage

Rear stage

Power reduction ratio

Past device

Rotation speed

Current

Current (total)

FIG. 9

Example of duty characteristics
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Invention current (total)
Rotation speed
Current
Rotation speed similar to past device speed can reduce only
electric power.
Particularly, significantly improved in low duty.
FIG. 10
Superiority of invention in current waveform
Past device
Invention
Current peak value reduced by 43%
What is claimed is:
1. A motor control device comprising:
an energization pattern output portion that cyclically out-
puts a plurality of energization patterns; and
an inverter circuit that selectively connects respective coils
provided in a motor to a power supply according to the
output energization pattern, wherein
the energization pattern output portion, in response to a
decrease in rotation speed of the motor during output of
a particular energization pattern, delays for a delay
period an output timing of a next energization pattern
that follows the particular energization pattern, and con-
tinues to output the particular energization pattern dur-
ing the delay period.
2. The motor control device according to claim 1,
wherein the energization pattern output portion includes:
an energization pattern selecting portion that selects the
energization pattern according to a rotation position of a
rotor of the motor detected by a rotation position detect-
ing sensor;
adelay time calculating portion that calculates a delay time
for delaying the output timing of the energization pattern
according to the rotation speed of the rotor detected by
the rotation speed detecting sensor; and
an energization pattern output timing adjusting portion that
outputs the selected energization pattern with a delay of
the calculated delay time.
3. The motor control device according to claim 2,
wherein the delay time calculating portion increases step-
wise the delay time as the rotation speed of the rotor
decreases.
4. The motor control device according to claim 2,
wherein the delay time calculating portion continuously
increases the delay time as the rotation speed of the rotor
decreases.
5. The motor control device according to claim 1,
wherein the energization pattern is a pattern indicating the
coil connected to the power supply and a direction of a
current flowing through the coil connected to the power
supply according to the rotation position of the rotor and
the energization pattern output portion circulates and out-
puts the plurality of energization patterns every time the
rotor makes one rotation.
6. A motor control method comprising:
a first stage that selects an energization pattern according to
a rotation position of a rotor of a motor;
a second stage that calculates a rotation speed of the rotor;
a third stage that calculates a delay time from the rotation
speed of the rotor; and
a fourth stage that outputs the selected energization pattern
with a delay of the calculated delay time, wherein
when the energization pattern selected during the first stage
is switched to the energization pattern selected during
the fourth stage, an output timing of the energization
pattern selected during the fourth stage is delayed by a
delay period as the rotation speed of the rotor decreases,
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during the delay period, the energization pattern selected
during the first stage is continuously being outputted,
and

the motor is continuously rotated while repeating the first
to fourth stages.

7. The motor control method according to claim 6,

wherein the delay time increases stepwise as the rotation
speed of the rotor decreases.

8. The motor control method according to claim 6,

wherein the delay time continuously increases as the rota-
tion speed of the rotor decreases.

9. The motor control method according to claim 6,

wherein the energization pattern is a pattern indicating a
coil of the motor connected to a power supply and a
direction of a current flowing through the coil connected
to the power supply according to a position of the rotor
and

the plurality of energization patterns circulate every time
the rotor makes one rotation.
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